Background: Skeletal metastases represent an underappreciated site of metastasis in patients with pancreatic cancer. Previous reports have estimated the prevalence to range from 5 percent to 20 percent. With the use of gemcitabine and novel targeted agents such as erlotinib, there has been a modest increase in survival in patients with advanced pancreatic cancer. As such, it is anticipated that previously uncommon occurrences such as skeletal metastases will become more frequent.
INTRODUCTION
The usual sites of metastases in pancreatic cancer are the liver and peritoneal cavity. Other less common sites are the lung, bone, and brain. Unusual sites such as muscle, skin, heart, pleura, stomach, umbilicus, kidney, appendix, spermatic cord, and prostate have also been reported [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
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Skeletal metastases from pancreatic cancer have thus far been considered an infrequent occurrence.
The first case of pancreatic cancer with skeletal metastases was described in Russian literature in 1963 [11] . Although the true incidence of skeletal metastases in patients with pancreatic cancer is not known, it is felt to be between 5 percent to 20 percent [12] [13] . There appears to be some suggestion that the association is higher in patients who have a primary that is in the tail of the pan- [13] . Both osteolytic and osteoblastic lesions have been described. Skeletal surveys using standard roentgenograms, CT scans, MRIs, and positron emission topographic (PET † ) scans have been used to detect the presence of skeletal metastases in pancreatic cancer [14] [15] [16] [17] [18] [19] [20] [21] . No imaging modality appears to have a superior detection rate. However, when used in conjunction, the rates of detection may be much higher. Early detection of skeletal metastases that are asymptomatic may be achieved through the serial measurement of C-telopeptide [13] .
Bone pain, pathological fractures, and hypercalcemia are possible sequelae of skeletal metastases. Unusual symptoms such as bilateral hearing loss associated with involvement of the temporal bone have been reported [22] [23] . Although the pathogenesis of skeletal metastasis in pancreatic cancer remains unknown, preliminary data suggests that cytokines such as interleukin-6 (IL-6), vascular endothelial growth factor (VEGF), and parathyroid hormone-related protein (PTHrP) may play a pivotal role in the growth of pancreatic cancer in bone [13] . Extrapolating findings from other tumor types, it is conceivable that other factors that stimulate osteoclastic bone resorption such as transforming growth factor beta (TGF-β), interleukin-11 (IL-11), and matrix metalloproteinases may be involved as well [24] .
Micrometastases associated with pancreatic adenocarcinoma have been found in the bone marrow of patients. It is unclear if they represent pre-clinical bone metastases [25] .
PATIENTS AND METHODS
A retrospective chart review was conducted at Scottsdale Clinical Research Institute, which serves as the clinical site for the Translational Genomics Research Institute, and Yale University Medical Center from July 2005 to December 2007. Patients with pancreatic cancer seen at these two institutions over a two-year period were identified, and those who had skeletal metastases were reviewed. Both their demographic and clinical details were tabulated. Only descriptive statistics were used to summarize the data.
RESULTS
We identified seven cases (among 323 reviewed, prevalence 2.2 percent) of patients with pancreatic cancer who developed skeletal metastases during the course of their disease ( Table 1 
DISCUSSION
With the advent of the use of novel agents such as erlotinib in conjunction with more widely used agents such as gemcitabine, modest improvements of survival in patients with metastatic pancreatic adenocarcinoma have been achieved [26, 27] . Despite this, it appears there has not been a considerable increase in the prevalence of patients with pancreatic cancer developing skeletal metastases. In our study, the incidence may be low, as only symptomatic bone metastases were detected. It is possible that many more clinically silent metastases would have been detected if we perform a cross-sectional imaging. Most patients in our review had restaging preformed (CT scan) every eight to nine weeks, and no incidental bone disease was noticed in the radiological reports. PET/CT may be a useful tool in detecting bone metastases as found in two of our patients. A rigorous imaging follow-up in all patients likely would reveal many more metastases. Nevertheless, it remains to be a clinically significant problem that can be particularly complicated by the fact that symptomatic presentation mistakenly might be thought to be a result of the underlying primary malignancy (e.g., back pain).
The patients identified in this case series are representative of patients with advanced pancreatic cancer in their demographic characteristics. Survival from the time of diagnosis of skeletal metastases can be quite variable in this group of patients (range: 0.3-9 months), and as such, the case for the benefit of therapies such as bisphosphonates would have to be on a case-by-case basis. It would be evident that bisphosphonates likely would benefit those patients who would have a better performance status, stage III vs. stage IV disease at the time of diagnosis of skeletal metastases, given that these have been shown to be factors associ- ated with prolonged overall survival. Of note, none of the patients in this case series experienced a skeletal metastatic complication such as cord compression or pathological fracture. This possibly could be attributed to the frequent use of bisphosphonates and the short duration of survival, which potentially would have not allowed such events to occur. Larger studies examining this question would need to be conducted to draw any firm conclusions.
Interestingly, the spine (in the form of vertebral metastases) was the most common site of skeletal metastasis. Given this, back pain can be a manifestation of pancreatic cancer itself but clinicians should be alert that it can occasionally be a presenting symptom of skeletal metastases. Early diagnosis of skeletal metastases in such patients may be paramount toward reducing morbidity through early and effective interventions such as the use of bisphosphonates [28] .
We agree that conclusions are limited because of the retrospective nature of the study and exact incidence cannot be given. However, at the same time, this study sends an important message: Clinicians treating patients with pancreatic cancer should consider evaluating bone metastases in these patients, as palliative radiation or even surgery can improve the quality of life and may even prolong survival in patients with a single metastatic site.
CONCLUSIONS
The incidence of bone metastases secondary to adenocarcinoma of the exocrine pancreas is unknown, since radiological studies of the bones during life, routine bone scintigrams, or extensive examination of the skeleton at autopsy are rarely undertaken in the absence of specific clinical indications. Symptom-producing bone metastases are relatively uncommon; a review of the literature suggests that the vast majority are osteolytic in nature with only a few isolated case reports of purely blastic deposits. Our study suggests that osteoblastic bone metastases are more common than generally recognized. We described the clinical, radiological, and pathological findings in these seven cases in order to emphasize that the pancreas is a potential source of bone metastases, especially blastic. Clinicians caring for these patients should be aware of this rare site of metatstases, and they also should consider the pancreas as a possible primary site in patients who present initially with osteoblastic bone deposits of unknown origin. 
